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The Promises 

Ion mobility spectrometry was first introduced 
to the analytical community in 1970 as an ultra- 
trace organic technique under the name of plasma 
chromatography. Using highly sensitive ionization 
methods commonly employed in electron capture 
detectors coupled with an atmospheric pressure 
drift region to separate ions produced, it had the 
potential for widespread application in the separa- 
tion and detection of trace quantities of organics. 



The Problems 

As researchers began to investigate the method, 
a number of serious problems rapidly became evi- 
dent: Competitive ion-molecule reactions which 
occurred in the ionization region of the detector 
limited its use as a quantitative instrument when 
complex mixtures were introduced into the spec- 
trometer. Long residence times (sometimes mea- 
sured in hours) in the spectrometer prevented 
practical application to a large number of samples. 
Often spectra for a single component were found 
to contain multiple ion peaks, hopelessly compli- 
cating true multicomponent interpretation. 



Recent Accomplishments 

We designed and constructed an ion mobility 
spectrometer that was specifically suited for the de- 
tection of trace organics after separation by high 
resolution gas chromatography [1]. Using a unique 
unidirectional flow design, problems associated 
with long residence times in the spectrometer were 
eliminated. The high resolution gas chromatograph 
insured the purity of standards and enabled the in- 



425 



Volume 93, Number 3, May-June 1988 

Journal of Research of the National Bureau of Standards 



Accuracy in Trace Analysis 



troduction of sufficiently small quantities of com- 
pounds such that only simple uncomplicated spec- 
tra were observed by the ion mobility spectrom- 
eter. Microprocessor-controlled operation of the 
ion gates in the drift tube permitted both selective 
and nonselective detection of chromatographic ef- 
fluent [2] and the Fourier transform method of op- 
eration enabled spectra from rapidly eluting 
capillary chromatographic peaks to be captured 
"on the fly" [3]. It was also found that the linear 
range of the detector could be extended by the use 
of a photoionization source [4]. As a GC detector 
the IMD has been compared to the FID and the 
BCD for contamination effects [5] and has been 
applied to the detection of 2,4-D in soils [6] and for 
the determination of barbiturates [7]. 



Current Goals 

More recently, our work has led to investigation 
of the mobility of ions produced from organic com- 
pounds with molecular weights higher than those 
that can be conveniently eluted from a gas chro- 
matograph. One approach to achieve this goal has 
been to use supercritical fluid chromatography as 
the introduction method for IMS [8,9]. Besides the 
detection of medium range (500-5000 amu) molec- 
ular weight compounds, advantages of ion mobility 
detection after SFC include sensitive detection of 
compounds which do not contain chromophores, 
universal detection mode of operation, tunable se- 
lective detection, Fourier transform spectra of 
SFC separated compounds, and compatibility with 
a wide range of mobile phases. 



Future Challenges 

Now that interfaces and operational modes for 
the ion mobility detector have been developed for 
both gas and supercritical fluid chromatography, 
the methodology is being investigated for applica- 
tion to real samples. The real challenge for ion mo- 
bility spectrometry as a chromatographic detector, 
however, lies in the detection of compounds sepa- 
rated by liquid chromatography. A significant step 
toward achieving this goal is the recent develop- 
ment of an electrospray ion source for IMS. By 
introducing the effluent from a liquid stream into 
the spectrometer via an electrically charged capil- 
lary, we have been able to capture ion mobility 
spectra from nonvolatile compounds dissolved in 



the mobile phase. The practical utility of this 
method of ionization is currently under investiga- 
tion. 
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The problems of quantitation that arise in the di- 
rect analysis of solid samples are well known. 
Amongst them are the preparation and certification 
of homogeneous standards, and the transfer of cali- 
bration factors from standards to similar or dissimi- 
lar matrices. These problems have been more 
aggravated as a result of the increased need for 
trace analysis at sub-ppm (microgram/gram) levels. 
Laboratory based instruments traditionally used in 
this area suffer from poor precision or large matrix 
effects. 

The glow discharge mass spectrometer (GDMS) 
offers some attractive possibilities in this regard. 
The glow discharge source dehvers a stable, high 
intensity, ion beam enabling good precision to be 
achieved from the electrical detection system. The 
method of ion formation in the source involves 
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